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Wednesday, February 19, 2014 683a19 in the CHR significantly affected the aggregation rate. This is seen as an
extended half-time and steeper concentration dependence suggesting a change
in aggregation mechanism relative to the wild type protein. We also studied
co-aggregation and cross-seeding between the kinetically faster Ab42 and
the slower Ab40. The aggregation process starting from mixed monomers
displays two transitions and our data imply that there is cross-reactivity
between Ab40 and Ab42 at the level of primary nucleation only, while fibril
elongation and surface-catalysed secondary nucleation are highly specific
events. In contrast, co-aggregation of Ab42 with the slower mutant F19L
only displays a single sigmoidal transition and the cross-seeding is as efficient
as the self-seeding. The main reason for the discrimination in the different path-
ways is the length at the C-terminus rather than the difference in intrinsic
aggregation rates.
To further investigate the relative role of intermolecular interactions we
changed the temperature to provide information on energy barriers and their
enthalpic and entropic components. With an analytically solved model we
could do a global fitting to estimate the activation energy for Ab42 for the pri-
mary nucleation, secondary nucleation and elongation.
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We show that amyloid beta 1-40 peptide aggregation under physiological con-
ditions in the presence of HIV-Tat protein results in significant structural mod-
ifications. Atomic force microscopy imaging shows that the predominant
typical singular uniform amyloid fibrils that formed at a 200 micromolar con-
centration of amyloid, turned into a population with more double twisted fibers
when 0.08 micromolar HIV-Tat was present and at higher Tat concentrations
(0.4 to 1.8 micromolar) it turned into populations with predominantly thick un-
structured filaments and nonspecifically aggregated large patches. At a 1/10
molar ratio of HIV-Tat to amyloid beta peptide, the fibrils were much larger
and irregular along the length, their dimensions being similar to those of
amyloid fibrils formed at extreme concentrations (>1 mM), but without the
uniformly striated structure. The rupture length under air flow of filaments
with similar dimensions increased significantly with the presence of HIV-tat
protein at polymerization, suggesting internal structural changes within the
filament backbone that lead to bigger mechanical resistance. Importantly, the
presence of Tat in the amyloid fibrils significantly increases the neurotoxicity
of the fibrils, as shown in neuronal cell culture experiments. Future studies
will involve localization of Tat molecules throughout the amyloid filaments
and aggregates, for a better understanding of the interaction between HIV-
Tat protein and amyloid beta peptide.
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The identities of toxic aggregate species in Huntington’s disease (HD) path-
ogenesis remain ambiguous. While polyQ-expanded mutant huntingtin (Htt)
is known to accumulate in compact inclusion bodies inside neurons, this is
widely thought to be a protective coping response that sequesters misfolded
conformations or aggregated states of the mutated protein. To define the
spatial distributions of fluorescently-labeled Htt-exon1 species in the cell
model PC12m (terminally differentiated into sympathetic-neuron-like cells
with nerve growth factor), we employed highly sensitive single-molecule-
based and stimulated emission depletion (STED) super-resolution fluores-
cence imaging modalities. In addition to inclusion bodies and the diffuse
pool of monomers and oligomers, fibrillar aggregates ~100 nm in diameter
and up to ~1-2 mm in length were
observed for pathogenic polyQ tracts
(expression experiments with 46 and 97
repeats) after targeted photo-bleaching of
the inclusion bodies. These short structures
bear a striking resemblance to fibers
described in vitro. We identified a sharp
cut-off behavior of maximum fibril length
and documented the ensuing bundling of
these fibers into denser arrangements of
varying complexity, both in the cytosolic
space and inside the neuritic processes.3461-Pos Board B189
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Protein amyloid aggregates are implicated in a variety of debilitating human
disorders such as Alzheimer’s, Parkinson’s and prion diseases. The transition
from a normal functional protein to an abnormal misfolded form involves a pro-
found conformational change that serves as the key step in amyloid assembly
leading to nanoscopic oligomers, pores and fibrils. Using Raman spectroscopy
in combination with atomic force microscopy (Figure 1a,b), we have been able
to delineate the key structural transitions during amyloid formation (Bhatta-
charya et al. J. Phys. Chem. Lett. 2013,4, 480-485). Moreover, the underlying
molecular mechanism by which amyloids are involved in inducing cellular
toxicity remains elusive because the conventional optical microscopy does
not allow one to monitor these processes directly at a high spatial resolution
due to the diffraction-limit. Using near-
field scanning fluorescence microscopy,
we have been able to image the fibrils far
beyond the diffraction-limit and interrogate
individual fibrils by simultaneously moni-
toring both nanoscale topography and
fluorescence brightness along the length
of the fibrils (Figure 1c,d). Our nanoscale
imaging results provide structural under-
pinnings of the supramolecular packing
within the nanoscopic amyloids (Dalal &
Bhattacharya et al. J. Phys. Chem. Lett.
2012, 3, 1783-1787).3462-Pos Board B190
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Self-assembled forms of the 4 kDa amyloid beta (Ab) peptide, itself formed
from proteolytic cleavage of the membrane embedded precursor, is strongly
implicated in the onset of the neurodegenerative Alzheimer’s disease (AD).
While amyloid aggregates found in patients’ brains are predominantly
composed of the peptide’s fibrillar forms, its soluble oligomers have been re-
ported to aggravate the peptide’s neurotoxicity. It is recognized, however,
that all self-assembly pathways arise from the peptide’s initial nucleation,
and therefore eliciting mechanistic details of this process as a function of
physico-chemical conditions could unearth valuable strategies for disrupting
the peptide’s neurotoxicity. With atomistic molecular dynamics simulations,
we have shown very recently that the full-length peptide undergoes enthalpy-
driven adsorption on the hydrophobic surface of high curvature (Biophys. J.
2012, 102, 1889; Phys. Chem. Chem. Phys. 2013, 15, 837). The process, initi-
ated by the peptide’s central hydrophobic core (L17VFFA21), is comprised of a
dewetting transition followed by p-p stacking interactions with the surface.
We report here the effect of the hydrophobic surface on the initial dimerization
process of the full-length Ab. While the interactions with the surface cannot out
compete the strong monomer-monomer interactions, they are capable to a large
extent in destabilizing pre-formed Ab dimers. We further performed adaptive
biasing force based free energy calculations to compare the Ab trimerization
process arising from addition of a monomeric unit to the surface adsorbed,
weakened dimer complex, to that in pure solution. Our results indicate that
presence of hydrophobic surfaces is likely to weaken the initial nucleation pro-
cesses, and could eventually slow the self-assembly kinetics. These results
should be of significance in the design of therapeutics aimed at countering
the neurotoxic effects of Ab oligomers.
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Alpha-synuclein (aS) is an intrinsically disordered neuronal protein that can
self-assemble in vivo into amyloid fibrils. aS fibrils are chemically and mechan-
ically very stable and once formed they tend to accumulate in the tissue. Such
684a Wednesday, February 19, 2014fibrillar deposits known as Lewy bodies and neurites are distinct signatures of
Parkinson’s disease. We demonstrate the hierarchical self-assembly of aS
fibrils into mesoscopic structures in vitro. The morphology of these structures
is well-defined and depends on the physicochemical conditions at which the ag-
gregates are formed. The observed phenomenon seems to be governed by the
interplay between long ranged repulsion and short ranged attraction. Once
the multiple negative charges on the fibrils are sufficiently screened at high
enough salt concentration or neutrilized at appropriate pH level the electrostatic
repulsion is minmized allowing the short range attraction (hydrophobic) to take
over and drive the fibrils into supra-fibrillar assemblies. Our findings suggest
that the balance between those two types
of interaction is not only crucial for the
initiation of the self-assembly process but
it also controls the morphology and finite
size of the supra-fibrillar aggregates giving
rise to a rich phase behavior.3464-Pos Board B192
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Mitochondrial anti-viral signaling (MAVS) protein is a critical adaptor
required for innate immune responses against RNA viruses. In virus-
infected cells MAVS forms prion-like aggregates to activate antiviral
signaling cascades, but the structural mechanism underlying such aggregation
is unknown. Here we report cryo-electron microscopic structures of the helical
filaments formed by both the N- terminal caspase activation and recruitment
domain of MAVS and a truncated MAVS lacking its C-terminal transmem-
brane domain. Both structures display a left-handed three-stranded helical fila-
ment, revealing specific interfaces between individual subunits that are
dictated by electrostatic interactions between neighboring strands and
conserved hydrophobic interactions within each strand. Point mutations at
multiple locations of these two interfaces impaired filament formation and
antiviral signaling. Super-resolution imaging of virus-infected cells revealed
the spatial features of rod-shaped MAVS clusters on mitochondria. These re-
sults elucidate the structural mechanism of MAVS polymerization, and
explain how an a-helical domain uses distinct chemical interactions to form
self-perpetuating filaments.
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Nearly all proteins and peptides have the ability to self-assemble into amyloids
when they are denatured. These highly ordered nanofibrils exhibit superior me-
chanical properties, which are relatively insensitive to their protein amino acid
sequence. This makes them attractive candidates for applications in materials
science and food industry. However, their remarkable stability constitutes a
problem in the context of amyloid-related diseases, where amyloids accumulate
in tissues. Despite the wide interest in amyloids, the understanding and descrip-
tion of their mechanical properties is still limited. Our goal was to investigate
both the micromechanics of individual fibrils and the emergent mechanics of
networks on the mesoscopic scale.
We will show macroscopic rheology and laser tweezer microrheology of the
viscoelastic properties of amyloids formed from hen egg white lysozyme
(HEWL). The macroscopic rheology of the networks will depend both on the
stiffness of the fibrils and the energetics of their interactions. Therefore we
show for the first time for the same system also measurements of the high
bending rigidity based on fluorescence microscopy of single, fluctuating fibrils
in solution. The high persistence length was further confirmed using atomic
force microscopy (AFM) imaging. With laser tweezer microrheology we
show the local properties of fibrils in networks. By using rheology in combina-
tion with small-angle neutron scattering (rheo-SANS), we show that the shear-
thinning response results from fibril alignment. In conclusion, our results give acomprehensive description of the mechanical properties of single amyloid
fibrils as well as networks of fibrils.
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Amyloids are proteins forming aberrant intramolecular contact sites character-
istic of fibrils instead of functional structure. Recent studies show that only
short segments of aminoacids can be responsible for amyloidogenic properties.
Here we propose an original machine learning method for classification of bio-
logical sequences based on discovering a segment with a discriminative pattern
of correlations between sequence elements. The pattern is based on location of
correlated pairs of elements in the window. The algorithm first recognizes the
most relevant training segment in each positive training instance. Then the clas-
sification is based on maximal differences between correlation matrix of the
relevant segments in positive training sequences and the matrix from negative
training segments. The method was applied for recognition of amyloidogenic
fragments in aminoacid sequences. It was trained on available datasets of hex-
apeptides with the amyloidogenic classification, using 5 or 6-residue sliding
windows. Depending on the choice of training and testing datasets, area under
curve of receiver operating characteristic (AUC ROC) of the method obtained
the value up to 0.80 for experimental, and 0.95 for computationally generated
(3D profile) datasets. The method reveals the characteristic correlation pattern
of the data. Moreover, the method finds the segments with the strongest classi-
fication pattern, also in long training sequences. The method, applied to the
problem of recognition of amyloidogenic segments, showed a good potential
for various classification bioinformatical problems.
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Prion protein (PrP) plays a big role in a number of lethal neurological diseases,
known as transmissible spongiform encephalopaties. These disorders are asso-
ciated with aggregation of normal cellular prion protein (PrPC) into pathogenic
beta-sheet-rich prion isoform (PrPSc). Although majority of suspected cases of
human prion diseases are sporadic, prions are mostly known because of their
infectivity. Infectious nature of prion diseases is based on the ability of PrPSc
to self-replicate by converting PrPC into same pathogenic isoform. One of
possible mechanisms of pathogenic prion structure replication is elongation of
amyloid-like fibrils. Deeper insight into mechanism of mammalian prion fibril
elongation may be important for better understanding of proteinaceous infecti-
vity.Here we studied elongation of murine prion protein fibrils. Due to quiescent
conditions, we can avoid most of nucleation processes (such as primary nucle-
ation and fragmentation of fibrils), means the observed rate of fibrillation should
be very similar to the rate of elongation. As observed rates at different temper-
atures give a good enough correlation when plotted in Arrhenius coordinates it is
possible to estimate activation energies of fibril elongation under different con-
ditions. We did experiments at a range of guanidinium hydrochloride (GuHCl)
concentrations and were able to determine two different activation energies
representing fibril elongation using folded PrP and unfolded PrP.
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The amyloid hypothesis causatively relates the extracellular fibrillar deposits of
amyloid beta peptide (Abeta) to the Alzheimer’s disease (AD). More recent
data, however, identify the intracellular oligomers as the major cytotoxic en-
tities. Pyroglutamylated Abeta (pE-Abeta) is present in AD brains and exerts
augmented neurotoxicity by an unknown
mechanism. The hypertoxicity of pE-
Abeta is believed to result from its higher
beta-sheet propensity and faster conver-
sion into fibrils. While this concept is
based on a set of experimental results,
others have reported similar beta-sheet
contents in unmodified and pE-Abeta,
and even slower aggregation of pE-Abeta
as compared to unmodified Abeta, leaving
